Objective: Subclavian flap repair of infant coarctation has been criticized and in many centers abandoned in favor of resection with end-to-end anastomosis. The goal of this study was to examine intermediate and long-term results of infant subclavian flap aortoplasty, which has been the preferred technique at our institution over the last two decades. Methods: Our patient database identified all infants (age < 1 year) who underwent repair of isthmic coarctation via thoracotomy between January 1984 and December 2004. Procedure details and late results were collected by retrospective review of hospital and clinic data. Follow-up was 95.8% complete at a mean of 6.7 years. Results: Between January 1984 and December 2004, 119 infants underwent isolated subclavian flap repair of coarctation. Mean age and weight at operation were 35 AE 52 days (range 1-269 days) and 3.5 AE 1.3 kg (range 0.7-9.3 kg), respectively. Concomitant pulmonary artery banding was performed in 22% (26/119). In-hospital mortality was 4% (5/119) and cumulative late mortality was 6% (7/114) of patients with long-term follow-up. Actuarial survival at 1, 5, and 10 years was 91, 85, and 85%, respectively. Overall re-intervention rate for re-stenosis was 11% (12/114); 10 patients (9%) underwent balloon angioplasty while 3 patients (3%) required operative revision. All re-stenoses occurred in the descending aorta, and all occurred in patients who had undergone neonatal repair. At late follow-up, there were no significant neurologic events (left recurrent laryngeal nerve injury, stellate ganglion dysfunction, or paraplegia), no clinically significant ischemic arm complications, and no flap aneurysms. Conclusions: Subclavian flap aortoplasty remains our procedure of choice for isthmic coarctation, as it is a simple, technically straightforward technique with a low incidence of re-stenosis and serious early and late morbidity. Furthermore, subclavian flap re-stenoses are easily treated with percutaneous intervention and seldom require surgical re-intervention via thoracotomy. #
Introduction
Surgical correction of aortic coarctation can be a challenging undertaking in neonates, either in isolation or in association with complex congenital cardiac anomalies. Successful resection with end-to-end anastomosis (EEA) was first described by Crafoord and Nylin in 1945 [1] . Since that initial report, variations in surgical technique have included subclavian flap aortoplasty (SFA), synthetic patch aortoplasty, interposition grafting and extended EEA as alternative treatment options for some of the more complex anatomical variants of this anomaly [2] . Treatment modalities now include catheter-based techniques, such as balloon angioplasty or insertion of expandable endovascular stents [3, 4] . However, surgical repair should still be considered as the preferred initial treatment modality for significant coarctation in infancy, since previous studies have demonstrated a higher recurrence rate with angioplasty as compared to surgery [5] . No consensus has yet been reached as to the best operative treatment option for these patients. Subclavian flap repair of infant coarctation has been criticized because of reportedly higher re-coarctation rates, and in many centers has been abandoned in favor of resection with EEA [6, 7] . The goal of this study was to examine the intermediate and long-term results of infant subclavian flap aortoplasty, which has been the preferred operative technique utilized at our institution over the last two decades. study inclusion and all patients were less than 1 year of age at the time of surgical intervention. Data collection from hospital and office records included pre-operative patient characteristics, procedure details, post-operative complications, and mortality data. Clinical follow-up was 96% (114/119) complete for a total of 740 patient-years and a mean of 6.7 years.
Materials and methods

Study design
Statistical analysis
Statistical analysis was performed with SPSS # 12.0 software (SPSS Inc., Chicago, Illinois, USA). All statistics are expressed as mean + standard deviation unless otherwise reported. Non-parametric comparisons were made using Wilcoxon's signed rank test. The freedom from restenosis and survival figures were created using the Kaplan-Meier method. Statistical significance was defined as a two-tailed p value < 0.05.
Results
Patient population
The patient cohort consisted of 119 infants (age < 1 year) undergoing subclavian flap aortoplasty, with a mean age of 35 days (range 1-269 days) and mean weight of 3.5 kg (range 0.7-9.3) at operation. Clinical characteristics of the 80 (67%) male and 39 (33%) female patients are summarized in Table 1 . Isolated isthmic aortic coarctation was present in 50 (42%) of our patients. Concomitant cardiovascular malformations were present in 69 patients (58%). The mean preoperative systolic blood pressure gradient across the site of aortic coarctation was 31.0 AE 27.8 mmHg. 
Operative data
Postoperative data
There were no intraoperative deaths. At most recent follow-up, mean systolic blood pressure gradient was 6.1 mmHg (n = 109, range: 0-50 mmHg), as compared to 31.0 mmHg (n = 105; range: 0-152 mmHg) preoperatively ( p < 0.05). Postoperative complications were few, with 4 of 114 patients (3%) developing a superficial wound infection requiring antibiotic therapy. One patient required early operative ligation of the thoracic duct for chylothorax. Three patients (3%) described a subjective perception of very mild left limb length discrepancy at follow-up without any functional impairment, and in no case was an acute or chronic ischemic complication observed. No patients were identified (by history or specific questioning at late followup) to have had a left recurrent laryngeal/phrenic nerve injury or Horner's syndrome. In addition, no flap aneurysms were identified in any of our patients.
Twelve out of 114 hospital survivors (10.5%) required either surgical or percutaneous intervention for clinically significant anastomotic stenosis at a mean post-operative interval of 8.4 AE 12.4 months. All re-stenoses occurred in the area of the aortic isthmus involving the anastomotic repair site. In addition, all occurred in patients who had undergone repair in the neonatal period (<30 days old), with a mean age at operation of 11 days (range: 2-30 days). Nine of the 12 patients requiring re-intervention for re-stenosis underwent a single revision via catheterization and balloon dilatation. One patient required two subsequent balloon dilatations at 2 and 6 months postoperatively. Only three of 114 patients (3%) required operative revision of their subclavian flap. Two of these patients underwent Gortex patch aortoplasty at 4 and 8 months postoperatively without interim percutaneous dilatations. The third patient underwent balloon dilatation 14 months postoperatively followed by Gortex patch aortoplasty 3 months later. Fig. 1 represents the overall freedom from restenosis requiring reintervention, which was 89, 87, and 87% at 1, 5, and 10 years, respectively. In Fig. 2 , patients are separated into those undergoing SFA only versus SFA with late intracardiac repair. Those undergoing SFA alone had a 1, 5, and 10 year freedom from re-stenosis of 89% at all three time points. Similarly, those undergoing SFA with late intracardiac repair had a 1, 5, and 10 year freedom from re-stenosis of 88, 80, and 80%, respectively ( p = 0.50). With regard to the two different suture materials utilized, re-stenosis occurred in 10 of the 68 patients (15%) who underwent repair with absorbable suture, while only 2 of the 37 patients (5%) repaired with non-absorbable suture developed re-stenosis. Although this difference between groups was not statistically significant ( p = 0.20), ten of the 12 patients (83%) requiring surgical or percutaneous reintervention for re-stenosis had their SFA performed with absorbable monofilament suture.
Mortality
The causes of death and associated cardiac anomalies are summarized in Table 2 . In-hospital mortality following coarctation repair was 5/119 (4%). Additional late mortality was 7/114 (6%), for a total cumulative mortality of 10% (12/114). Four of the five in-hospital mortalities occurred in patients with hypoplastic LV, with three patients dying from sepsis. The other two patients died from persistent postoperative hemodynamic instability. Of the seven late mortalities, four patients died following repair of an associated intracardiac malformation. One patient died from bacterial endocarditis, and another from septic shock. The cause of death was unknown in one patient. The flow diagram in Fig. 3 stratifies mortality according to the initial procedure performed (SFA vs SFA + pulmonary artery (PA) band) and need for subsequent repair of intracardiac defects. Although not statistically significant (given the relatively small size of the patient cohort), late repair of intracardiac defects was associated with a higher mortality rate. Using the KaplanMeier method, overall patient survival at 1, 5, and 10 years was found to be 91, 85, and 85%, respectively (Fig. 4) . Patients were separated into those undergoing SFA only versus SFA with late intracardiac repair. Those undergoing SFA only had a 1, 5, and 10 year survival of 95, 92, and 92%, respectively. Conversely, those undergoing SFA with late intracardiac repair had a 1, 5, and 10 year actuarial survival of 81, 71, and 71%, respectively ( p < 0.01; Fig. 5 ).
Discussion
The two main surgical techniques currently utilized in neonates and infants with isolated coarctation of the aorta include subclavian flap aortoplasty and resection with endto-end anastomosis. Subclavian flap aortoplasty has the advantage of using autologous tissue with potential for growth. It also provides a tension-free repair with limited need for extensive dissection. However, ductal tissue is often left in situ with this technique, and has been implicated in recoarctation. In fact, a recent publication by Burkhart et al. demonstrated that excision of ductal and coarctation tissue is associated with lower aortic arch obstruction rates in patients undergoing the Norwood procedure [8] . Conversely, resection with end-to-end anastomosis has the advantage of removing all ductal tissue at the expense of a circumferential suture line under variable tension [9] . We have been quite satisfied with the SFA results in our neonatal patient population, and are currently using this surgical technique as our procedure of choice.
In a previous study from our institution of 179 children < 1 year of age undergoing coarctation repair between 1962 and 1991, 85 patients underwent SFA while 65 underwent EEA. Although not statistically significant, there was a trend towards a lower recoarctation rate in the SFA group (11%) versus the EEA group (23%, p < 0.1) [10] . In another report by Conte and colleagues on 307 consecutive patients undergoing EEA between 1983 and 1994, actuarial survival of patients with isolated coarctation at 10 years was 98%, and only 60% for those with other major intracardiac defects [11] . Several studies in the literature have also compared freedom from re-stenosis requiring intervention in patients undergoing SFA versus EEA, and have found similar outcomes at 5 years. A freedom from re-stenosis in SFA patients of 87-89% at 5 years versus 86-95% in the EEA patients has been reported [12, 13] .
Among the specific morbidities reported following SFA, ischemic left arm injury has been regarded as one of the major drawbacks. Although 3% of patients subjectively described a very mild limb length discrepancy at follow-up, all patients reported no functional deficits and sustained no acute or chronic neurologic/vascular sequelae. In addition, none of the patients in our cohort sustained recurrent laryngeal nerve injury, phrenic nerve injury, or paraplegia. The patients in our cohort experienced an acceptable rate of re-stenosis with 12/114 (11%) requiring a revision at a mean post-operative interval of 8 months. All re-stenoses occurred in the descending aorta, a location favorable for catheter or operative re-intervention. Seventy-five percent of these patients were treated successfully with percutaneous balloon angioplasty. The remaining 25% required operative revision with Gortex patch aortoplasty. These operative revisions were performed in the late 1980s and early 1990s. However, with the improving results of catheterbased interventions over the past decade, these cases would perhaps have undergone revision with less invasive techniques.
While more patients with absorbable suture than nonabsorbable suture developed re-stenosis (15% vs 5%), this difference was not statistically significant. Experimental models have demonstrated a higher propensity for restenosis of vascular anastomoses when using non-absorbable polypropylene suture on growing vessels [14, 15] . However, a paucity of clinical evidence exists to support these experimental findings. Nonetheless, due to the theoretical concerns about anastomotic stricture in growing vessels, we currently prefer to use second generation PDS or Maxon to prevent this specific complication. Less tissue reaction has been observed in comparison to older generation absorbable products, and several recent studies have confirmed the strength and durability of anastomoses using these materials [16] [17] [18] .
We recognize the limitations inherent to any retrospective review. In addition, our study had follow-up that was 96% complete with 5 patients lost to follow-up. With our mean follow-up of 6.7 years, our morbidity data is also limited to those patients who have reached clinically significant recoarctation during that time period. We did not present a group of matched cases undergoing EEA, and made comparisons to historical data from the literature. Nevertheless, the actuarial survival and freedom from restenosis in our SFA patient cohort has been shown to be similar to comparable EEA groups in the literature.
Although SFA has been criticized and in many centers abandoned in favor of resection with EEA, we currently maintain SFA as the procedure of choice at our institution for infants undergoing repair of isolated isthmic coarctation. SFA remains a simple, technically straightforward technique with a low incidence of re-stenosis and limited early and late morbidity. Furthermore, subclavian flap re-stenoses are easily treated with catheter-based interventions and rarely require repeat surgical intervention via thoracotomy.
